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SIUN-TUKKEL INVESTIGATION OF TEE JETTISONING OF 
EXTERNAL FUEL TANKS IN SPINS 
By Theodore Berman 


SUMMARY 


A spirt-tunnel investigation has "been made to determine the 
probability of external fuel tanks striking on airplane after being 
jettisoned in a spin. The investigation showed that for straight-wing 
fighter-type designs in any case in which Jettisoning of tanks in a spin 
might aid spin recovery the tanks would probably clear all parts of the 
airplane . 


INTRODUCTION 


A recent trend in aircraft has been to locate fuel in external tanks 
mounted on the wings. External fuel tanks are usually Jettisonable in 
order that they may be dropped after the fuel is expended so that the 
drag will be reduced. 

In the course of spin-tunnel investigations. It has been indicated 
that when external fuel t anks are installed on an airplane, a pilot may 
encounter difficulty in recovering from a spin by control movement and 
it may be necessary to Jettison the tanks in order to Increase rudder 
effectiveness in obtaining spin recovery by changing from a relative 
wing-heavy to fuselage-heavy mass— distribution condition (reference 1). 
The possibility that the jettisoned tanks may collide with the airplane 
from which they are released has caused some concern. Accordingly, a 
study was undertaken in the Langley 20— foot free— spinning tunnel to 
determine the probability of such a collision. The study was made of 
data previously obtained in the course of routine testing of models 
typical of straight-wing f i ght er-^b ype designs but hitherto unpublished. 
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SYMBOLS 


b wing spaa, feet 

p air density, slugs per cubic foot 


APPARATUS AND METHODS 


The models used for the tests were models typical of straight— wing 
fighter-type airplanes ranging in scale from. l/l6 to 1/25 and were 
prepared for testing by the Langley Aeronautical Laboratory. Three- 
view sketches of the models tested with full-scale dimensions of the 
airplanes represented are shown in figure 1. The tanks were built of 
wood and independently ballasted with lead weights to the appropriate 
weights and center-of— gravity locations. A remote-control mechanism 
was installed in the models for Jettisoning of the tanks. 

Nine of the models were ballasted to obtain dynamic similarity to 
the respective airplanes at a test altitude of 15,000 feet 
(p = 0.001 1+96 slug/cu ft). For the other two models, a test altitude 
of 20,000 feet was used. 

The tests were performed in the Langley 20— foot free— spinning 
tunnel, the operation of which is similar to that of the Langley 
15 — foot free— spinning tunnel described in reference 2, except that the 
models are launched by hand with spinning rotation into a vertically 
rising air stream rather than launched by a spindle. 

For one of the models (model 1), fully loaded and empty tanks were 
Jettisoned from steep and flat erect spins and from inverted spins for 
several spanwise locations from the plane of symmetry to the wing tips. 
The data obtained with the remainder of the models (models 2 to 11) 
were all for erect spins and included steep and flat spins with fully 
loaded tanks and some tests with empty tanks. The spanwise location of 
the tanks was not varied during any one of these tests (models 2 to 11), 
but the range covered by the collected data is from the plane of 
symmetry to the wing tips. 

During most tests, motion pictures were taken and were subsequently 
used to check the visual observations of the paths followed by the 
Jettisoned tahkB. Tests of each configuration were repeated until it 
was clearly established whether or not the tanks would strike the model. 
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RESULTS AND DISCUSSION 


TTLe reaulte of the model- tank -Jett Ison tests are presented. In 
tables I and U. 

The models tested did not represent some of the most recent Jet— 
and rocket— propelled designs as regards extreme mass distribution along 
the fuselage which,, it has been indicated, are conducive of violent 
rolling and yawing spinning motions (reference 3)* When wing tanks are 
installed on such a design, however, the loading either would become 
such as to eliminate this motion and thus the following results would 
be applicable, or it would remain such as to still give an oscillatory 
spin, for which present spinet unnel research indicates that It should 
not be necessary to Jettison tanks for spin recovery. 

The results obtained with model 1 (fig. 1(a)) are presented In 
table I and data obtained with models 2 to 11 (figs. 1(b) to l(k)) are 
presented in table H. The data show that fully loaded tanks dropped 
clear of the model from al i spanwise locations for all erect spins. 

The loaded tanks also went clear of the model when Jettisoned In 
inverted spins for all spanwise locations except the plane of symmetry. 

As previously mentioned. Jettisoning of external fuel tanks in a spin 
Is sometimes necessary in order to Increase the effectiveness of the 
rudder in ter minat ing the spin by changing from a relative wing-heavy to 
a fuselage-heavy mass— distribution condition. Thus it is unlikely that 
Jettisoning of a fuel tank located at or near the plane of symmetry would 
be beneficial for spin recovery and therefore it need not be attempted. 

In all tests with the loaded tanks, the tanks fell away from the model, 
that is, the tanks had a higher rate of descent than the model. It was 
also noted that the tanks were always thrown away from the spin axis 
and that the tanks on the Inboard wing (right wing in a right spin) 
appeared to go forward relative to that wing and the tanks on the outboard 
wing appeared to go back relative to that wing. 

Results of Jettison tests with empty tanks are also presented in 
tables I and H. The data show that the tanks safely cleared the model 
when released In erect or inverted spins for all spanwise locations 
except the plane of symmetry. As explained above. Jettisoning of tanks 
at the plane of symmetry cannot be expected to aid in recovery from a 
spin and therefore need not be attempted. In all tests with empty tanks, 
the tanks went up with respect to the model, that Is, the empty tanks 
had a rate of descent that was less than the rate of descent of the 
model. As was the case for loaded tanks, empty tanks were always thrown 
away from the spin axis and again the tank on the inboard wing appeared 
to go forward relative to that wing and the tank on the outboard wing 
appeared to go back relative to that wing. 
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In cases, for either the loaded or empty conditions, the tanks 
cleared the tail of the model. 


The rate of descent of the tanks, it was indicated, will vary with 
the amount of fuel in the tanks. Fully loaded tanks will fall faster 
than the airplane; whereas empty tanks will fall slower than the 
airplane. At same intermediate loading the tanks could fall at the 
same rate of descent as the airplane and the possibility of collision 
is increased. A study of the films obtained during the investigation 
with models 1 , 6 , 9 , and 10 indicated that for empty and fully loaded 

tanks located at 0.50^- or further outboard, the horizontal movement of 

2 

the tanks would probably be great enough to clear the wing tips or tail 
of the airplane. If the empty and fully loaded tanks clear the model, 
it is apparent that for an intermediate loading of the tanka the hori- 
zontal movement should also be great enough to carry the tanks clear of 


the airplane. With the tanks located inboard 0.50^, for some tests the 


tanks cleared the model horizontally but for others they did not clear. 

Inasmuch as tanks only partially loaded and located inboard of 0.50^- would 

2 

not be expected to affect rudder effectiveness very greatly because 
their effect an mass distribution would be relatively small, it Is felt 


that Jettisoning of tanks located inboard of 0.50^- on a spinning airplane 


should not be attempted unless all other methods of recovery have failed. 


CONCLUSIONS 


The results of tank— Jettison tests for eleven models made In the 
Langley 20— foot free— spinning tunnel indicate that in any case for which 
Jettiso ning of tanks in a spin of a strati ght-wing fighter-type airplane 
might aid spin recovery, the Jettisoned tanks would probably clear all 
parts of the airplane . 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Air Force Base, Va. 



HACA EM L9J25 


5 


references 


1. Neihouse, A. I.: A Mass-Distribution Criterion for Predicting the 

Effect of Control Manipulation on the Recovery from a Spin. NACA 
ARE, Aug. 1<?42. 

2. Zimmerman, C. H. : Preliminary Tests in the N.A.C.A. Free-Spinning 

Wind Tunnel. HACA Eep. 557* 193 6 . 

3. Stone, Ralph W. , Jr., and ELlnar, Walter J. : The Influence of Very 

Heavy-Fuselage Mass Loadings and Long Hose Lengths upon Oscillations 
in the Spin. HACA TN 1510, 1948. 



TABES I,- HKSIMB OJT TAIK-J1TTI80D' TESTS WITH MODEL 1 IS TEE LHJCJUI 20-KXtt HaS-SEDUJJG TOWEL 


CT\ 


[Spina to pilot's right] 


Took: looaticn 

Loaded tanks 

Empty tanks 

loaded tanks 

Stpty tanks 

Hat ttcuot spins 

Steep erect spins 

Elat erect spins 

Strap araot spins 

Inrertod spins 

Inrerjtod spins 

Plane of 
uymnetry 

Dropped almost straight 
dram foray from modal 

Dropped forward of 
Inboard wine, away 
from spin cola, and 
down with respect to 
model 

Ajtbj frt* spin axis, 
forward of iaboard. 
wing, and. up vlth 
respect to aodol 

Struck the bottom of 
Inboard vine, rolled 
off tha trailing edge 
Of the Wine, and up 
with respect to modal 

Struck the bottom of 
outboard wing, then 
rolled off, and 
dropped away frrm 
model 

Struck the bottom of 
Inboard wing and then 
up with respect to 
model 

0.2^ 

Away from spin axle, 
Inboard tool forward of 
wing, outboard tank 
bank of vine, and both 
down vlth reopaot to 
nodal 

Away from spin axis, 
Inboard tank forward 
of wing, outboard 
tank bank of wing, and 
both dram with raepaot 
to model 

Away from spin soda. 
Inboard tank forward 
of wine, outboard tank 
back of vine, and both 
up with raepaot to 
modal 

Away from spin axle, 
inboard tank forward of 
wing, outboard tank 
back of wing, and both 
up with raepaot to 
modal 

Away from spin axis. 
Inboard tank forward 
of wing, outboard tank 
back of wing, and both 
down with reapoot to 
model 

Both tanks want 
almost straight up 
with respect to 
model 

0 -5°g 






Away from «pin axis, 
inboard tank for- 
ward of wing, out- 
board tank beck of 
wing, and both up 
with reapoot to model 






0.7^ 






Do, 






Vlng tips 






Do. 
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table n.- Kiams or Mr-jernaai aara with models ? to n m thjc lahout so-jwt kd-sfuxdo tote. 


T*aX 

Model loca ti on 

{■) 


Plano of 

•j—rtiy 


0.30 -L 
2 


Direction 
of apin 


0.35 | L 


3 0.36 0 b 


3 0.36 | B 


O.U. - 
2 

2 nod L 


0A2 - 
2 

lull, 


Loodad tanka 

Hat sroot apina 

Btoap araot iplM 

Dropped. droit wtmi^it down 
fra wadol 

Any fra ppln zeds, forward 
of Inboard wing, and down 

Any frca apin ojdLo, inboard 
tank forward of wring, outboard 
tank book of wing, and dim 
with roapoot to aodel 

Any fro* spin aria, inboard 
tank forward of Ting, outboard 
tank back of wing, and down 
Tith roapoot to Modal 

Any fra spin aria, back of 
Ting, and darn with roopoct 
to Modal 

Any fro* rpin axla, back of 
vlng, and down vith roapaot 
to Modal 

fwtj fnn ,pln axil, fcnarA 
of ving, and. fawn Tith rorport 
to nodal 

Any fra* apin axla, forward, 
of wing, rod down with roapoot 
to Modal 

Away fra* wpin axio, forward 
of wing, and down -with respect 
to Modal 

Any treat apin axla, forward 
of vlng, sod down with roapaot 
to MOdOl 

Any fwm wpln axis, back of 
vlng, and don vlth roapaot 
to Modal 

Amy froM spin axta, book of 
vlng, and down with roapoot 
to Modal 





Any frai opin, axla, Inboard 
tank fanrurd af Ting, outboard 
tank book of wing, and down 
with roopoot to ntol 

Any fra apin axla, inboard 
took forward of wing, outboard 
tank back of vlng, and down 
with roapoot to MJdol 






tapty imlu 


flat a root rpin* 


0toa'p a root gplna 


Any fra. ipl n fall, back of 
■wing, and up with roapoct to 


Amy trim ppln axla, f a mri . 
af wing, and up with roapoot 
to node! 


/bray Trm apin nil, fttw i 
of wing, and up Tith roapoot 

tO Model 


/bray fra ipin axla, “back of 
ring, and up with roapaot to 
■odol 


Avay frcM ajrtn. axis, back of 
vina, rod up with roapoot to 


Awajr fr<ra spin axis, forward 
of Ting, and up with roapoot 
to Modal 


/bray fra epln axla, fcnr wond 
of ving, and up with roapaot 
to nodal 


Any fra a pin axla, back of 
vlng, and up with roapoot to 


Any fra* rpin axia, inboard Any fra apln axla, Inboard 
tank fui T axMl of Ting, outboard tank forw ar d of wing, outboard 
tank book of Ting, and up with tank book of wing, and up with. 


roapaot to nodal 


raapaot to Modal 


......... 




"a mo ana 00 a tank on right Ting, 
I mmuui 000 tank on loft wing. 
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(k) Model 11. 
Figure 1.- Concluded. 
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